Objectives: This study aimed to examine the association between preschool education experiences and adulthood self-rated health using representative data from a national population-based survey. years of age were analyzed. Log-binomial regression analyses were conducted to examine the associations between preschool education experience and self-rated health in adulthood. Parental socioeconomic position (SEP) indicators were considered as confounders of the association between preschool education experience and adulthood subjective health, while current SEP indicators were analyzed as mediators. Age-adjusted prevalence ratios (PRs) and the associated 95% confidence intervals (CIs) were estimated.
INTRODUCTION
Many studies have shown that adulthood health is heavily dependent on early childhood factors. The fetal origin hypoth- esis [1] , which emphasized the significance of the fetal period in determining adulthood health, has developed into the developmental origin of health and disease hypothesis, which argues that factors after the fetal period are also of great significance [2, 3] . Developments in neuroscience have revealed the importance of early childhood in brain development [4] . Cognitive and non-cognitive skills during childhood have also been reported to affect health outcomes such as adulthood mortality [5, 6] . In addition, interest in childhood factors has increased in regards to health inequalities in adulthood [7, 8] .
Evidence showing that early childhood education before elementary school has significant effects on adulthood health
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has also accumulated. According to the result of the Carolina Abecedarian Project (ABC project), the early childhood educational intervention greatly reduced the risk of cardiovascular and metabolic diseases [9] . According to a longitudinal followup study on the effects of preschool education in South Australia on adulthood cardiometabolic risk, preschool education reduced the risks of high blood pressure and hypercholesterolemia [10] . However, a review conducted by D'Onise and colleagues [11] regarding the effects of preschool education on adulthood health indicated that, although preschool education had a positive effect on adulthood health behavior, the effects on chronic disease were unclear. Investment in preschool children may improve cognitive and non-cognitive skills during the developmental period, which hence may have positive effects on adulthood health [9] . High-quality education during early childhood could not only improve cognitive skills, but also improve access to social and economic resources in adulthood life, reduce health risk behavior, and alleviate mental stress [12] .
Although many studies have explored the effects of preschool education on adulthood health, the paucity of research using samples from general population, the lack of investigations into late adulthood health outcomes other than young adulthood outcomes, and small sample sizes have been pointed out as limitations of the studies [11] . In particular, most studies on this topic have been conducted in Western developed countries, and, to the best of our knowledge, no studies have been conducted in Asian countries.
This study used the nationally representative Korean Labor and Income Panel Study (KLIPS) data to investigate the relationship between preschool education and adulthood self-rated health, and examine the roles of socioeconomic position (SEP) indicators on this relationship. Figure 1 shows the conceptual model of this research. Prior Korean studies revealed that parental SEP affects an individual's own SEP [13] , and an individual's current SEP has been reported to be related to his or her self-rated health [14] . In addition, parental SEP has been shown to affect an individual's adulthood health independently of own SEP [15] . According to the conceptual model in Figure 1 , preschool education experiences are influenced by parental SEP ( Figure 1Ⓐ ), and early childhood education experiences can affect the current SEP (own education, household income) ( Figure 1Ⓑ ). Parental SEP affects the current SEP ( Figure 1Ⓒ ). The current SEP affects the self-rated health in adulthood ( Figure 1Ⓓ ), and the SEP of the parent can affect self-rated health in adulthood independently of the current SEP ( Figure 1Ⓔ ). This study estimated the magnitude of the relationships between preschool education experiences and adulthood self-rated health, and examined whether such experiences still had independent effects on the health outcome after considering the parental SEP and the current SEP ( Figure 1Ⓕ ). Parental SEP was considered as a confounder in the relationship between preschool education experience and adulthood self-rated health, while the current SEP was considered as a mediator.
METHODS

Conceptual Model of the Research
Data and Study Subjects
This study utilized the KLIPS, which is a longitudinal study investigating the economic activities, mobility in the labor market, income and expenditure, education and occupational training, and social lives of Korean households and household members who live in urban areas [16] . The KLIPS first began in 1998, and 18 waves of the survey have been conducted as of 2016. This study used data from the ninth wave in 2006, which contains information regarding preschool education experiences, and data from the 15th wave in 2012, which contains information regarding individuals' health conditions. The early childhood education experiences used in this study reflect retrospective data acquired through individuals' recall in 2006, while health indicators were prospectively collected in 2012.
The information regarding preschool education was acquired from an additional survey for the youth of the ninth KLIPS, conducted in 2006. This additional survey was designed for individuals between the ages of 15 and 35 and explored participants' household environment, education, friendships, and school life since childhood. The information for parental SEP was mainly obtained from the first and fourth waves of the KLIPS. For subjects newly included in the KLIPS after the first wave in 1998, the parental SEP data were obtained from the questionnaires of the earliest year when the individuals participated in the KLIPS. The data from the 15th KLIPS conducted in 2012 (the most recent health data available at the time of the analysis) were used to assess participants' current self-rated health and current SEP. Of the 4352 respondents of the ninth KLIPS (between 15 and 35 years of age), 2949 participated in the 15th KLIPS. After excluding participants with missing information regarding parental SEP, a total of 2391 (81.1% of 2949) individuals were included as subjects of the analysis.
Preschool Education Experiences
Information regarding preschool education was obtained from the ninth KLIPS, which contained the questions `D id you attend kindergarten before enrolling in a primary school? (A kindergarten is an educational institution in accordance with the Primary Education Act/Children Education Promotion Act, and does not include nurseries as defined in the Early Childhood Education Act.)'; and `D id you attend a child-care institution or private educational institution other than kindergarten before entering primary school?' Using the responses to these two questions, the participants were sorted into 4 groups: those with no preschool education experience, those with only other preschool education, those with only kindergarten experience, and those with kindergarten and other preschool education. The survey regarding preschool education contained a question about the type of other preschool education received, with responses including: nursery, playhouse, private academy related to primary school curriculum, private academy for arts or sports, other private academy, individual and group tutoring, home delivery study books, special education facilities, missionary-run nursery, YMCA, and sports centers.
Parental Socioeconomic Position
The education level of the mother and father, the main breadwinner's occupational class at age 14, and the employment status of the mother at age 3 were used as parental SEP indicators of an individual. The education level of the father and the main breadwinner's occupational class were included in the first KLIPS in 1998, and the maternal education level was obtained from the fourth KLIPS. For subjects who were added as new panels to subsequent waves of the KLIPS, the parental education level and the occupation of the main breadwinner were obtained from the first year survey of the individuals. The education level of the father and the mother was categorized into 4 groups: middle school or less, high school, college or higher, and refuse to answer. According to a prior Korean study conducted using the mortality follow-up data of the KLIPS, individuals that responded with `r efuse to answer' or `d on't know' to the question regarding parental education level had a higher adulthood risk of death [15] . The occupation (when a respondent was aged 14) of the main breadwinner of the family was categorized as manual worker, non-manual worker, and `r efuse to answer' . Information regarding the employment status of the mother when a respondent was at age 3 was acquired from the ninth KLIPS, and responses were grouped into `w orking' and `s taying at home' .
With regards to the economic activities of the mother at the age of 3, rather than considering the response as pure recollection of the memory at the age of 3, it was assumed that respondents were in the position to acquire sufficient information regarding their mothers' economic activities through interactions with the family during their lifetime, and hence to make a proper evaluation of the mother's economic position when the participant was 3 years old.
Current Socioeconomic Position
Current SEP indicators were identified through an individual's education level and household income. The 15th KLIPS individual dataset was used to determine individuals' education level, with responses of high school or below, junior college or community college education, and university or higher. Since most of the younger subjects had not completed their education, the education level of individuals was determined based on attendance rather than graduation. Of the study subjects, 39.9% (n=473) were between the age of 21-25. In this group, 233 of 282 respondents with a university or higher education (82.6%) had not graduated yet, and 57 of the 138 respondents with junior college or community college education (41.3%) had not graduated yet. Household data from the 15th KLIPS were used to obtain household income. Household income in the KLIPS was subdivided into earned income, financial income, real estate income, social insurance income, transfer income, other income, and earned income tax credit. In this research, the equivalized household income was calculated by summing the household income in all areas for the last year and dividing the sum by the square root of the number of Preschool Education and Adulthood Health household members. This equivalized household income was divided into quartiles (Q1, lowest income group; Q2; Q3; and Q4, highest income group) for the analysis.
Health Outcome Variable
The health outcome variable was self-rated health. Individual data from the 15th KLIPS were used to assess self-rated health. Self-rated health status was determined by subjects' responses to the question `I n general, how would you rate your overall health status?' Response categories were: 1) very good, 2) good, 3) fair, 4) poor, and 4) very poor. Responses of `v ery good' and `g ood' were considered indicative of good health, while responses of `p oor' and `v ery poor' were considered to indicate poor health. The proportion of subjects who responded with `p oor' and `v ery poor' was 2.85% of the overall sample.
Hence, to take into consideration the fact that the age distribution of the subjects during the time of the survey was young, with a range of 21-41 years old, those who responded with `f air' were also included in the self-rated poor health group.
Statistical Analysis
In the first step of the analysis, the subjects were separated by gender, and the distribution of characteristics of the subjects (age, preschool education experience, parental SEP, and current SEP) was identified ( Table 1 ). The age-adjusted prevalence of self-rated poor health according to preschool education experience was shown in Table 2 . Direct age standardization using 5-year age groups was employed with the entire sample as the standard population. In addition, the prevalence ratio (PR) was also produced using the group without preschool education experience as the reference. The distribution of preschool education experiences according to age and SEP indicators was also shown in Table 3 , along with an examination of patterns in the PR of self-rated poor health according to preschool education experiences when parental SEP and current SEP indicators were adjusted for ( Figure 1Ⓕ ) ( Table 4 ). The PR was estimated using a log-binomial regression model and, in cases where the model did not converge, the robust Poisson model (Tables 2 and 4 ) [17] . SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all analyses. Table 1 presents the distribution of study subjects' characteristics (age, preschool education experiences, and parental and current SEP indicators) according to gender. Age, preschool education experiences, and the individual's education level tended to be different between men and women, however, the differences in household income and parental SEPs were not clear. Individuals who received other preschool education accounted for 6.0% of men and women. The percentage of men who had no preschool education experience was higher than that of women (37.3% vs. 34.4%) while the percentage of women who had both kindergarten and other preschool education experiences was higher than that of men (19.9% vs. 24.6%). Of own educational groups, the percentage of individuals who had a university or higher level of education was highest for both men and women. The percentage of those with a university or higher level of education was higher in men than in women (47.8% vs. 40.5%). For the parents' education level, both men and women had a similar pattern, with middle school or less being the most common. Overall, however, the father's education level tended to be higher than that of the mother. Manual occupational class for the main breadwinner was more prevalent than non-manual, and more than 60% of respondents stated 'staying at home' with regards to the employment status of mother at age 3. Table 2 shows the prevalence of age-adjusted self-rated poor health and associated PR according to preschool education experience. The overall prevalence of self-rated poor health was similar between genders, with a prevalence of 28.4% among men (95% CI, 25.7 to 31.2%) and 28.2% among women (95% CI, 25.8 to 30.8%). The prevalence of age-adjusted self-rated poor health was lowest among respondents who reported both kindergarten and other preschool education in both men and women, followed by those who had a kindergarten education. The prevalence of age-adjusted self-rated poor health tended to be higher in respondents who reported other preschool experience than in those who reported no experience, however, the difference between two groups was not statistically significant. The differences of the prevalence between the groups with different preschool experiences were clearer in men than in women. For example, while a difference of approximately 20 percentage points (%p) was found in the prevalence of self-rated poor health between respondents with both a kindergarten education and other preschool education (21.6%) and those who received other preschool education (41.8%) for men, the equivalent values for women were 26.8 and 31.4% respectively, corresponding to a 4.6%p difference. Values are presented as number (%). 
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significant PR of 0.65 (95% CI, 0.47 to 0.89) was found between those who had no preschool education and those who had both kindergarten and other preschool education. For men, the PR of self-rated poor health was also significantly lower (0.78; 95% CI, 0.60 to 1.00) among those with kindergarten education. The PR of self-rated poor health was a statistically insignificant 1.25 (95% CI, 0.87 to 1.79) in those with other preschool education relative to those with no experience. While the pattern of PRs in women was generally similar to that observed for men, the PRs were statistically insignificant. Table 3 presents the distribution of preschool education experiences by age, current SEP, and parental SEP. As age increased, the percentage of those with no experience increased, while the percentage of those with both kindergarten and other preschool education increased as age decreased. For example, while the percentage of respondents with no preschool experience between the ages of 21 and 25 was only 5.7%, the corresponding percentage in the 36-41 age group was 64.6%. In contrast, 39.8% of the members of the 21-25 age group had both kindergarten and other preschool education, compared to only 10.3% of the 36-41 age group. As the respondents' own education level decreased, the percentage of those with no experience increased, while as the education level increased, the percentage of those with a kindergarten education (kindergarten education only or both kindergarten and other preschool education) increased. Furthermore, lower household incomes Values are presented as number (%).
were associated with higher percentages of respondents with no experience and lower percentages of respondents with both kindergarten and other preschool education. In addition, as the parent's education level increased, so did the percentage of respondents with kindergarten education, while respondents with parental education being middle school or less showed a relatively higher percentage of no experience with preschool education. Non-manual parental occupation was associated with a higher prevalence of kindergarten education experience. In contrast, manual parental occupation was associated with a higher prevalence of no preschool education experience. With regards to the employment status of the mother at age 3, those who responded that their mother stayed at home had a higher percentage of kindergarten education experience. Table 4 presents the changes in the PRs of self-rated poor health according to preschool education after adjustments for the parental and current SEP indicators. In men, the PR of selfrated poor health in respondents with both kindergarten and other preschool education relative to that of those with no experience in the baseline model was 0.65 (95% CI, 0.47 to 0.89). When the father's education level and the main breadwinner's occupation were adjusted for, the PR attenuated to 0.75 (95% CI, 0.54 to 1.04) and 0.76 (95% CI, 0.55 to 1.05), respectively. However, when the employment status of the mother at age 3 was adjusted for, the change was meagre, with a PR of 0.64 (95% CI, 0.46 to 0.88). The PR of self-rated poor health in those with both kindergarten and other preschool education after adjusting for parental SEP indicators was 0.79 (95% CI, 0.52 to 1.21), while when the respondent's current SEP was adjusted for, the PR was 0.76 (95% CI, 0.55 to 1.05). When all the socioeconomic position indicators were adjusted for, the PR of selfrated poor health in those with both kindergarten and other Values are presented as prevalence ratio (95% confidence interval).
1
Reference level: no preschool education experience.
2
A statistical adjustment was made for the father's education, the mother's education, main breadwinner's occupational class (at age 14) , and the employment status of the mother at age 3.
3
A statistical adjustment was made for subjects' own education level and household income. 4 A statistical adjustment was made for all SEP indicators (parental and own).
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preschool education was 0.87 (95% CI, 0.57 to 1.34), which was statistically insignificant. A similar tendency was found in the PR of self-rated poor health among those with a kindergarten education after adjustments for the SEP indicators. In contrast, the PR of self-rated poor health in those with other preschool education experience tended to be greater than 1, and although the PR showed an increasing tendency after adjustment for both the parental and current SEP indicators, it was statistically insignificant. For women, the PR of self-rated poor health according to preschool education experience was statistically insignificant. However, similar patterns to those observed in men were noted when the parental and current SEPs were adjusted for.
DISCUSSION
In this study, a relationship was found between preschool education experience and adulthood self-rated health. This relationship was clearer in men than in women. For men, the age-adjusted PR of self-rated poor health among those with kindergarten and other preschool education was 0.65 (95% CI, 0.47 to 0.89) compared to those with no experience. However, when parental SEP, which was considered as a confounder in this study, was adjusted for, the PR was 0.79 (95% CI, 0.52 to 1.21), and when current SEP, which was considered as a mediator, was additionally adjusted for, the PR became 0.87 (95% CI, 0.57 to 1.34). Even when the respondents' current education levels were defined based on graduation rather than attendance, the results did not change very much (data not shown). This means that the relationship between preschool education experience and adulthood self-rated health was largely attributable to the confounding effect of parental SEP. In addition, the results of our analysis show that current SEP played as a mediator in the relationship between preschool education experiences and adulthood self-rated health. Lower parental and current SEPs were associated with a higher chance that an individual reported having self-rated poor health (Supplemental Table 1 ). The PR after adjusting for parental SEP can be viewed as the total effect size of preschool education on self-rated adulthood health. However, due to limitations in sample size, no statistically significant results were found.
The relationship between preschool education and self-rated adulthood health was more distinct in men than in women. A follow-up study of the ABC project also indicated that the difference in adulthood health indicators between the group with childhood education intervention and the group without was clearer in men than in women [9] . It has also been reported that the relationship between childhood SEP and cause-specific mortality has different pattern according to gender. [18] . Additional research is required to understand the magnitude of the influence of preschool education on adulthood health and to see if the mechanism differs between men and women.
The self-rated health of respondents with other preschool education was poorer than that of those with no experience. This pattern was true in both men and women. It is possible that in household environments where both parents must engage in economic activity but have limited access to official educational institutions like kindergartens for their children, other preschool education such as private tutoring would be a alternative way to solve the lack of parenting. In addition, according to a recent study in South Korea, tutoring that does not consider the child's developmental status was rather detrimental [19, 20] . Hence, for children who received only tutoring without kindergarten education, the possibility that the tutoring was provided in a way that is unhelpful to child development must be taken into consideration when interpreting our results.
Meanwhile, respondents with both kindergarten and other preschool education had a lower prevalence of self-rated poor health than those with kindergarten education only. This indicates the possibility that the quality of the education provided to children who receive both kindergarten and other preschool education may be different from that of the education offered to children who receive only other preschool education. However, the KLIPS did not contain the necessary information required to evaluate the quality of other forms of preschool education. In our additional analysis (Supplemental Table 2) that classified participants into groups with a kindergarten education and without a kindergarten education, the PR of self-rated poor health in men in the kindergarten education group was 0.70 (95% CI, 0.56 to 0.87) in the age-adjusted baseline model. When all the SEPs were adjusted for, the PR was 0.84 (95% CI, 0.67 to 1.05). These findings suggest that that kindergarten education might have a positive effect on adulthood health (Supplemental Table 1 ).
Parental SEP can be seen as a confounder in the relationship between preschool education experience and self-rated health. Children from households with a high parental SEP were found to be more likely to have preschool education experience. In addition, parental SEP can affect an individual's self-rated health. According to the results of our analysis, the main breadwinner's occupation and the father's education level had a relatively higher confounding effect than the other indicators. This appeared to be true for both men and women (Table 4 ). The education level of the father, who is generally the main breadwinner, is an important SEP indicator regarding the household's level of wealth, which might well affect the preschool education experience of a child. Adjusting for the employment status of the mother at age 3 did not make much difference in the relationship between preschool education experience and self-rated health for men.
Korean women who have completed higher education in the past might not appear in a job market after a marriage with a man with a high SEP (homogamy). While, it is possible for some Korean women to enter into a job market due to difficult household economic conditions. In addition, it is also possible for women who received higher education to be economically active for her social achievements. Since the women analyzed in this study who were engaged in economic activity came from a variety of social backgrounds, the effect of the maternal employment status on the relationship between preschool education experience and self-rated health might have been weak. Furthermore, current SEP was a mediator affecting how preschool education experience influences adulthood self-rated health (Figure 1) . The mediating effect of the individual's education and household income, which were used as indicators for subjects' current SEP, was similar for both men and women.
This research is meaningful because, to the best of our knowledge, this is the first Asian study to evaluate the relationship between preschool education experiences and adulthood health. Furthermore, it also has the strength of utilizing a data source (KLIPS) representative of the overall population. However, this study has a few limitations. First, the information provided about preschool education experiences in this study did not include indicators regarding the quality of the education. However, when considering that a kindergarten is an educational institution managed by the Primary Education Act/ Children Education Promotion Act, the categorization of preschool educational institutions as the main educational group would be reasonable. Second, the KLIPS does not contain objective health data, such as biomedical parameters.
Hence, adulthood health could only be evaluated using selfrated poor health in this study. Research using more diverse and objective adulthood health indicators is required in the future. Third, because the individual's own education level and the parental SEPs were collected based on recall, they may not be entirely accurate. However, some studies have argued that the use of recalled early childhood information tended to show a reduced impact of early childhood SEP on future health than was found when using historical information in life-course studies [21, 22] . This suggests that the health effects of preschool education experience measured in this study may have been underestimated. Fourth, this study did not assess the effects of other mediators, such as health behaviors.
This study examined the relationships between preschool education experiences and self-rated poor health using data from the KLIPS. For men, a lower age-adjusted prevalence of self-rated poor health was found in subjects with kindergarten education experience than in subjects without kindergarten education. However, the relationship between preschool education experience and adulthood health was not statistically significant when the parental SEPs were adjusted for. In a situation where preschool education is expanding, the implications of research regarding the casual relationship between the quality of preschool education and adulthood health are tremendous. Subsequent research using objective adulthood health outcome indicators with sufficient sample sizes and information regarding the quality and time of preschool education is required. Values are presented as prevalence ratio (95% confidence interval).
